The temporal lobe or auditory cortex in the brain is involved in processing auditory stimuli. The auditory data processing capability in the brain changes as a person ages.
(SVMs) in Nambu I, et al. [1] . In Makeig S, et al. [2] , Independent Component Analysis (ICA) was used to analyze Event Related Potentials for sound stimulus.
Monaural and binaural auditory stimulus was classified using ERPs in Bednar A, et al. [3] . Interaural Time Difference (ITD) was used in Letawski [4] for auditory localization.
However, the methods presented do not present a deeper comprehensive analysis of EEG responses to auditory stimulus, in as much as EEG is a stochastic signal that varies in both time and frequency varying. In this paper, we present time frequency analysis as an alternate and viable method for identifying the source of sound by processing EEG responses to auditory stimulus. This paper is organized as follows. Section II presents a background on Electroencephalogram. Section III presents the time frequency analysis methods, Section IV presents the methodology for feature extraction and sound localization using the SVM classifier. Section V presents the results, and VI the conclusions.
EEG Data Collection with Auditory Stimulation
Electroencephalogram (EEG) signals are electrical activity of the brain recorded using electrodes placed on the scalp using an EEG cap. minutes and the participant is allowed one minute to rest between trials. The sound stimuli were presented through a program written in Matlab. The National Instruments device was used to put markers in the EEG data as they were recorded simultaneously when auditory stimuli were presented. The results presented in this paper are from the analysis of EEG data collected from 3 different subjects (Figure 1 ). 
Time-Frequency Analysis
The 32 channel EEG data collected are pre-processed using band-pass filtering to remove low frequency noise, artifacts due to eye blinks and hardware induced artifacts. In order to extract meaningful features from signals for source identification, it is necessary to map data in overlapping feature spaces to a separable space by high dimensional feature mapping. This increases the dimensionality of the feature space, but the classes are easily separable in this space, and linear classifiers can be used to classify the data in this high dimensional space.
In this project, we have mapped 1-D signal spaces to 2-D signal spaces through time-frequency methods (TFM). The group of signals taken from the electrodes on the scalp are in the space of continuous physical signals L(R) (Figure 4) . These sequences are the mapping from L(R) to ( )   through an analog to digital process. The sampled/quantized version is computing using a window operator that transform ( )
when an EEG experiment is conducted. These signals now are in 2 ( ) N   and is the space of discrete finite signals with finite energy. EEG signals can be processed by a computer using time-frequency tools to map the signals from space In multiway signal-processing the selection of efficient and optimal methods for the processing of electroencephalographic signals is a problem addressed by many authors [5] [6] [7] . Figure 5 shows the stages or levels of neural signal analysis presented in this paper.
Time-frequency methods allow the observation of details in signals that would not be noticeable using a traditional Fourier transform. One of the problems of conversion to time-frequency spaces is that, according to the length of the input signal, the conversion can be time, and memory consuming.
The two methods for time frequency analysis considered here are the Short Time Fourier Transform (STFT), and the Wavelet Transform (WT). 
A. SHORT TIME FOURIER TRANSFORM ANALYSIS
The STFT has been a widely-used time-frequency signal processing operator. The CSTFT has certain advantages over STFT that are mentioned below.
1) Short Time Fourier Transform Definition:
Given 
And the CWT is defined based on these wavelets.
The CWT gives a time frequency representation in terms of delay and dilation. The CWT representation has advantages over the CSTFT at low frequencies. In EEG, the presence of information at low frequency is very common. Therefore, CWT is better than the CSTFT for EEG time-frequency analysis. Figure 6 shows the EEG ERP responses to 2 direction auditory stimulation. The algorithm for feature extraction and classification using a support vector machine (SVM) classifier is shown in Figure 7 .
Feature Extraction and Classification
Time Frequency Method (TFM) is either the CSTFT or the CWT.
The 32 channel EEG data were organized as tensors [9-12] and the time frequency methods were implemented in Python and visualized using MNE [13] [14] [15] . The EEG data of 112 trials is divided in to 56 for trials for training and 56 trials for testing.
40 random trial averaging was done for training and testing of the SVM classifier. The results for two subjects is shown in Table 1 . Table 1 shows very good accuracies for source localization when two directions auditory stimulus are presented. For the 4 direction case, in Table 2 it can be seen that the classifier has difficulty in identifying the South direction. 
RESULTS

CONCLUSION
Auditory processing in the brain was analyzed using time frequency analysis of EEG signals acquired from the brain using sound stimulus presentation. The results show that as number of source directions is increased, different regions of the brain are involved in processing the signals. This implies that as sound becomes more complex such as in speech, music, and language perception, higher intricate auditory pathways in the brain are involved in processing and decoded these sound patterns.
The comparison of the time domain vs time-frequency domain factorization of EEG shows that increasing the dimensionality of the EEG signals, provides a better way to discriminate the ERP of auditory stimuli and localize sources. Apart from sound direction localization from EEG, it is evident that EEG can also be used as a neuroimaging modality for understanding and decoding sensory and motor functional pathways in the brain. This work can be extended to analyzing complex music, speech and language perception in the brain.
